High-resolution and temperature programmed synchrotron-excited XPS measurements were carried out at the BACH beamline at Elettra synchrotron (Trieste, Italy), in an UHV chamber with the base pressure below 1×10 -9 mbar and equipped with a hemispherical electron energy analyzer (VG Scienta model R3000). The sample normal, the X-ray beam and photoelectron emission direction were all in the same horizontal plane. The photoemission Electronic Supplementary Material (ESI) for Nanoscale. This journal is
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High-resolution and temperature programmed synchrotron-excited XPS measurements were carried out at the BACH beamline at Elettra synchrotron (Trieste, Italy), in an UHV chamber with the base pressure below 1×10 -9 mbar and equipped with a hemispherical electron energy analyzer (VG Scienta model R3000). The sample normal, the X-ray beam and photoelectron emission direction were all in the same horizontal plane. The photoemission Electronic Supplementary Material (ESI) for Nanoscale. This journal is © The Royal Society of Chemistry 2016 spectra were recorded at the emission angle of 60° from the surface normal with linearly polarized X-rays in normal incidence geometry. Both Br 3d and C 1s core levels were excited with a photon energy h=379 eV. A total energy resolution of 0.15 eV was calculated from the width of the Fermi edge. All photoemission binding energies are referenced to the substrate Fermi level. The substrate temperature during the annealing experiment was monitored by a thermocouple attached to the edge of the Ag(110) crystal. The heating rate during the temperature programmed XPS (TP-XPS) measurements was 15 °C/min. Both C 1s and Br 3d spectra were recorded during the temperature ramp from RT to 450°C with 5 °C temperature difference between two successive carbon or bromine spectra. The work function was determined by measuring the variation of the low-energy secondary electrons cut-off edge. The hemispherical electron spectrometer and the following experimental conditions were employed: h=47.10 eV, normal emission geometry, sample bias voltage of -9.13 V. Temperature dependent WF measurements were recorded in the same manner as the TP-XPS of the corelevels using the same nominal DBP coverage of 1.2 ML. The WF changes are referred to the value after the deposition, which was measured to be 4.64 eV. The intensity plots in Figures S1a and S1b show the evolution of C 1s and Br 3d spectra at increasing temperature. The plots in Figures S1c and S1d display the temperature dependence of the total spectral intensities and the intensities of the main spectral components. A small intensity loss of both Br 3d and C 1s signals is observed between RT and 80°C. It is assigned to desorption of the second layer DBP molecules, which are not interacting with the substrate. The residual intensity, which is stable up to about 220 °C, corresponds to full monolayer coverage. From 50 to 100 °C intense Br-C dissociation is well visible in both carbon and bromine spectra (decrease of Br-C components). Simultaneously, Br atoms spill over the silver substrate (increase of Br/Ag component in Br 3d spectrum) and the carbon radicals bind with the substrate adatoms (increase of C-Ag component in C 1s spectrum). The chemical transformations revealed by XPS and the formation of long molecular chains observed by the STM microscopy imply the organometallic nature of the chains, with Br atoms adsorbed on the silver substrate in between the 1D protopolymers. These protopolymers prevail on the surface up to the temperature of 220 °C. The vanishing C-Ag component in the C 1s spectrum between 220 °C and 240 °C indicates decomposition of the organometallic species and beginning of the transition to a new structure. STM microscopy revealed formation of C-C covalent polymers with much different surface orientation in comparison with the organometallic protopolymers. To achieve such rearrangement, surface migration and rotation of the DBP biradicals must occur in the transition temperature range. The energy barrier of the thermally induced covalent polymerization of DBP on Ag(110) must be close to the desorption energy of the molecular precursor, as suggested by the small drop of the C 1s intensity in this transition temperature range (240-300 °C, Figure 3d ). From the temperature of 250 °C, also the intensity of the Br signal starts to decrease until it vanishes completely at T> 400 °C. TPR spectroscopy has revealed that most of the chemisorbed bromine desorbs from the surface in the form of HBr. The source of hydrogen atoms are the debrominated DBP molecules, which must undergo at least partial dehydrogenation in order to form the C-C intermolecular bonds. At T>410 °C, the bromine is not present anymore on the surface and the C 1s overall intensity, as well as its spectral shape, is quite stable. Small but systematic shift towards lower E b is attributed to continuous dehydrogenation and interconnection between the conjugated polymers, as observed by STM.
The E b variation of the C 1s component corresponding to the aromatic carbon atoms of the pyrene group ( Figure S1e) can reflect the energy alignment at the adsorbate-metal interface 1 . To understand the nature of the C 1s core-level shift, the sample work function (WF) was measured during the temperature ramp and the change of WF is plotted together with the C 1s binding energy shift in Figure S1e . The match between the core-level shift and WF changes at the temperatures below 260 °C points to the vacuum-level alignment scenario 2, 3 schematically depicted in Figure S1f , on the left. In this scenario, typical for weakly interacting adsorbate/substrate systems, changes in the vacuum level rigidly shift all molecular levels by the same amount. The observed WF change is mostly dominated by the amount of chemisorbed Br atoms. The WF is increasing with the Br spill over the substrate in agreement with expectations 4 . However, the WF starts rapidly to decrease above 200 °C. This sudden change must be related with chemical and conformational changes or structural distortions of the molecules since the amount of chemisorbed Br is stable at this temperature. The continuing WF drop with temperature finally results in a Fermi level pinning 5 , which is verified by the E b (C 1s) independence on work function variation. Although the C 1s shift towards higher binding energies upon annealing is sometimes assigned to intermolecular C-C coupling in literature, 6 , 7 here we demonstrate it can be solely the effect of the energy level alignment at the moleculemetal interface.
Near-Edge X-ray Absorption Fine Structure Spectroscopy (NEXAFS)
To further explore the electronic structure and geometry of the DBP adsorbate layer, polarization dependent C K-edge NEXAFS spectroscopy was carried out. The NEXAFS spectroscopy was performed at the BACH beamline at Elettra synchrotron (Trieste, Italy) in Auger electron yield mode recording C KVV Auger electrons with the hemispherical electron analyzer fixed at a kinetic energy of 260 eV. The C K-edge NEXAFS spectra were normalized to the signal from the clean Ag(110) substrate recorded under identical conditions. Polarizationdependent measurements were performed with the linearly polarized x-ray beam impinging on the surface at normal incidence (=90°) and at grazing incidence (=20°), respectively. NEXAFS spectra probe the partially-filled or unoccupied states and carbon bonds to its intra and extra-molecular neighbors. Moreover, orientation of the molecules with respect to the substrate can be readily determined exploiting linearly polarized synchrotron radiation. The excitation from the occupied C 1s core-level to unoccupied   orbital in a planar conjugated carbon system reaches the maximum intensity when the electric field vector of the linearly polarized synchrotron radiation is vertical to the molecular plane (parallel to 2p z orbitals). On the contrary, the transition into  * molecular orbitals reaches the maximum for the polarization vector parallel to the molecular plane.
The C K-edge NEXAFS spectra of DBP deposited on Ag(110), obtained at two different polarization geometries, are reported in Figure S2a . The energy region up to 290 eV is dominated by   resonances. The strong resonance around 284.7 eV corresponds to the transition from C 1s occupied core-level to the lowest unoccupied molecular levels (LUMOs) 8, 9 . The broader shape of the main   resonance with respect to pure pyrene indicates multicomponent character, which can be assigned to non-equivalent carbon atoms with bonds to Br substituent and Ag substrate. The energy region 288-290 eV has presumably a mixed character assigned to  C-H * and  2  resonances 10,11 . The energy region above 292 eV contains  * resonances. The significant reduction of the   resonance intensity and enhanced intensity of  * resonances for the x-ray polarization vector parallel to the surface plane is a clear evidence of nearly flat adsorption geometry. The flat-lying geometry is further enhanced after the annealing at 400 °C, as evident from Figure S2b . The low energy   resonance narrowed after the annealing, in accord with the Br desorption and transformation of the organometallic intermediates into the covalent polymers. The spectrum in Figure S2b shows also reduced intensity in the region with  C-H * resonances, in agreement with the dehydrogenation observed by TPR. The overall NEXAFS spectrum shape resembles the typical lineshape of graphene nanostructures, such as graphene nanoribbons. 6, 12 
Statistical data on STM images.
The average width of the GNRs declared in the paper (9.90.6 Å) was determined from statistical analysis over a wide number of nanostructures. Details are reported in table T1. Table T1 . Summary of the statistical analysis performed to determine the GNRs width. Series with different directions have been separated only for the highly odered preparation.
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Figure S4 Side and top views of the optimized strucure (top row) and STM simulated images (bottom row) for a DBP monomer adsorbed on Ag(110). a) Physisorbed DBP, b) first debromination and c) second debromination. The intact DBP unit appears with a very homogeneous contrast. After the full debromination, the radical skeleton appears with four lobes corresponding to the benzene rings, whereas the Br atoms adsorbed on the Ag substrate appear as sharp and round bright spots. 
